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t by 
R. G. Roper* and W. G. Elford 

ABSTRACT 

The measurement of winds in the height 
of radio reflections from the ionized trails 
technique. Until recently, however, the full 

range from 80 to lOOkm by means 
of meteors is a well established 
potential of this technique had not 

been realized. The purpose of this report is to  demonstrate the power of an 
analysis developed by Groves (1959), which has  been applied tothe datacollected 
at Adelaide (35's) for the thirteen months from December, 1960 to December, 
1961, inclusive. The results show that the most significant periodic zonal and 
meridional wind components a re  the 24 hour and i 2  hour, with a smaller 8 hour 
component occasionally present. In general, the vertical component is random, 
with an amplitude from one to two orders  of magnitude less than that of the 
horizontal wind. 
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PERIODIC WIND COMPONENTS AT METEOR HEIGHTS 

by 
R. G. Roper and W. G. Elford 

I NT R OD UC TION 

The purpose of this report is two-fold, presenting as it does a summary 
of upper atmosphere wind measurements carried out at Adelaide (35OS) during 
1961, as well as documenting the computer progrm-s used in the computation 
and analysis of these winds. The measurements were obtained from the radio 
observation of drifting meteor trails ,  and have revealed a detailed picture of 
the diurnal and seasonal motion of the atmosphere throughout the height range 
from 80 to 100km. 

The Meteor Data 

The Adelaide Meteor Project empays  a combination of continuous wave 
and pulse techniques to  measure the position and line of sight drift of each me- 
teor trail observed. A description of the method has  been given by Robertson, 
Liddy and Elford (1953). 

The parameters measured by the system are 

a. the line of sight drift of the trail. 

b. the direction cosines of the reflection point on the trail 
relative to  NS and EW axes. 

c. the radar  range of the echo point, and 

d. the time of occurrence of the echo. 

The echo rate is not constant with t ime; an average of 5 useable wind ech- 
oes per hour was obtained during the 1961 survey. To obtain enough data for 
analysis, records were taken for an average of nine consecutive days about 
the middle of each month. The mean height of all echoes for each month was 
9 3  (*1) km, and reliable winds were obtained for the height range 80 to 100km. 
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The Analysis 

In his meteor wind analysis, Groves (1959) sets up a wind model against 
which the meteor data is matched. The parameters specifying the model are 
the coefficients of the polynomial wind variations with height and time. These 
are conveniently expressed in tabular form. 

Zonal 

a, 0 

a l l  

a12 s2 

'1, S" 

b,, s inwt  

CIO cosw t 

b,, S s i n w t  

c,, s coswt  

b,, S" sinw t 

C l n  S" cosw t 

Meridional 

a20  

a21 

a 2 2  s2 

a 2 n  S" 

b,, s i n w t  

c20 coswt  

b,, S s i n w t  

c 2 ,  s coswt  

b2" S" s i n w t  

C2" S" cosw t 

Vertical 

0 

a 3 2  s 2  

S" a 3 n  

b,, sinw t 

c30 COSUt 

b,, S s i n w t  

c31 s c o s w t  

b,, S" sinw t 

c,, s" cos w t 

where S is the normalized height given by 

with zmax, zmin the maximum and minimum heights respectively over which 
the profile is fitted and h is the height variable within the range Zmin, Z m s -  
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b 

c 

If the variations with height in the prevailing wind and the component of 
period T = 2r /w are  taken as 

a polynomial of order 2 in the EW direction 

? I  3 in the NS direction 

and a constant in the vertical (constant with height, not time) 

then 24 parameters (%j, bij, cij) are required to specify the motion. 
These parameters are determined by matching the data to the model, using the 
method of least  squares. 

Application of the Groves Analysis to the Meteor Data 

No attempt will be made here  to  present the mathematics of the analysis; 
the reader is referred to  Groves (1959). The IBM 7094 FORTRAN IV program 
which performs this analysis of the meteor data is listed as program ERG in 
Appendix I. The number of parameters best specifying the height profiles 
have been arrived at by trial and e r ro r .  In this context, the parameters 
'fbestff specifying the profiles are the coefficients of the minimum order poly- 
nomials which adequately represent the height structure of the mean motion. 
Calculating the coefficients of the terms of higher order than necessary is 
extremely wasteful in terms of computer execution time. For example, the 
calculation for a total of 70 periodic components of the coefficients of a cubic 
variation with height of the zonal (EW) component, a quartic variation of the 
meridional (north south), and a constant vertical wind (30 coefficients in all 
fo r  each periodicity) for 1000 line of sight drifts  measured over 9 days takes 
42 minutes of execution time on an IBM 7094 Model 2 .  Assumption of a quad- 
ra t ic  zonal, cubic meriodinal and constant vertical variation (24 coefficients) 
results in an execution time of 22 minutes, a little over half that of the pre- 
vious computation. Attempting to over-specify the variations in the wind can 
also cause the matching process to become unstable, and this has been ob- 
served with (3,4,0) profiles. No such instability has been encountered in any 
of the months so f a r  processed with a (2 ,3 ,0 )  profile. 

' 

The Presentation of the Results 

The digital output from program ERG (consisting of the amplitude and 
phase of each periodic component, together with the RMS e r r o r  in each, for 
each of 16 heights in the range from 75 to 105 km) is both listed and written on 
magnetic tape. This tape provides input for  the plotter program listed in 
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Appendix 11. The program PLOT writes a low density binary tape suitable for 
use on the EA1 Data Plotter. All  the graphs presented in this report  are copies 
of those produced by the EA1 machine. 

The following a re  definitions of the quantities presented graphically in the 
next section. 

a. The wind amplitude spectrum (for a given height). The amplitude of 
each periodic component is plotted against period for each of the three 
wind components (zonal, meridional and vertical). 

b. The "specific" energy spectrum (for a given height). The "specific" 
wind energy is the wind energy per  unit mass ,  calculated for  any one 
period T as the sum of the squares of the zonal (u), meridional (v), 
and vertical (w) amplitudes of period 7 .  

i . e . ,  

E, = 1.172 + vT2 + w,2 (metres/sec)2 

Reduction of Actual Data 

An average of 800 echoes for each of the months from December, 1960 to  
December, 1961, inclusive, have been subjected to the analysis outlined in the 
previous sections. 

The following parameters were used as a basis for the analysis for each 
month. 

1. Only those echoes falling within the height range 75 to  105km were 
processed. 

2 .  Both prevailing and periodic zonal components were allowed up to a 
quadratic variation with height over this height range. 

3 .  Similarly, both prevailing and periodic meridional components were 
allowed up to a cubic variation. 

4. The vertical component was considered to  be constant with height, but 
aide to vary with time. 

5. Amplitudes and phases of periodic components were calculated for the 
range of from 0.5 cycles/day to 4 cycles/day (48 hour to 6 hour 
periods) in increments of 0 .05 cycles per  day. 
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The following features have been chosen as being most descriptive of the 
characteristics of the periodic motion in the height range from 80 to  100 km. 

a. The variation of the wind energy spectrum with height, as measured at 
83, 91 and 97km. 

b. The amplitude spectra for  zonal, meridional and vertical components 
as measured at the mean monthly echo height of 93 km. 

The six graphs for  each month from December, 1960 to  December, 1961 
appear as Figures l a  to  14f, inclusive. 

DISCUSSION 

Insufficient t ime has as yet been spent on examination of the results to  
justify any detailed interpretation. However, the spectra presented in Figures 
1 to  14 confirm without exception that the dominant periodic components in the 
winds at these levels are the diurnal (24 hour) and semidiurnal (12 hour) com- 
ponents. At the latitude of Adelaide (35OS), the 24 hour i s ,  in general, of 
comparable magnitude to the 12 hour, except at the equinoxes, where the 24 
hour predominates. There is evidence in  some months of a significant 8 hour 
component which, when it appears, has an amplitude somewhat less than those 
of the 24 o r  12 hour Components. 

Although the main concern of this report  is to  investigate the presence of 
periodic motions, some reference to the prevailing wind components is perti- 
nent. The zonal winds are shown for three heights in Figure 15. The bars  
about each plotted point represent the RMS deviation. It can be seen that over 
the height range 80-100km the zonal wind is predominantly toward the East. 
The only strong wind reversal  occurs at the upper level, where the wind is 
toward the West during the winter of 1961. No significant reversals  occur at 
the other levels but the wind has  its maximum eastwards amplitude in the 
spring at 91km and in the summer at 83km. As  a result of the rapid change 
in the zonal wind with height the seasonal patterns at 83 and 99 km are almost 
opposite in phase. This behavior is also reflected in the wind gradients which 
have maximum values of +4 m/sec/km in summer and -4 m/sec/km in winter. 

In contrast to the zonal winds, the meridional winds shown in Figure 16 
exhibit an annual behavior which is similar at all levels. In general, north- 
ward winds occur during summer and southward winds during winter. A sim- 
ilar meridional variation is found for these levels at Jodrell Bank (53ON) and 
Mawson (68's). Thus the meridional flow at these levels is consistent with a 



horizontal movement of air from the summer to  the winter pole. The Adelaide 
results show that the meridional wind increases with height over the range 80- 
lOOkm and that above 90km the amplitude of the meridional wind is comparable 
to  that of the zonal wind. 

It should be remembered, when further interpreting these results , that 
one year's data is not by itself sufficient to justify a detailed analysis on a 
seasonal basis. The results presented here  , while considerably more detailed, 
a re  still complementary to  those already published covering the, years  1952 to 
1958 (Elford, 1959). 

FUTURE WORK 

The application of the analysis proposed by Groves to the winds measured 
by the radio meteor method has  been shown here to provide a powerful tool in 
the investigation of periodic atmospheric motions for the height range from 80 
to  100km. The demonstrated domination of this wind regime by solar influ- 
ence is only one of the many possible products of the analysis. It is hoped 
that attention can be given some time in the future to  the determination of, for 
example, the magnitude of the lunar influence on winds at this height. For  the 
present, attention is being given to the more detailed interpretation of the 
results already obtained. 
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Figure 1 e. Meridional amplitude spectrum at 93km. December, 1960 
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Figure 2a Wind Energy Spectrum at 83km. January, 1961. 
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Figure 11. Vertical amplitude spectrum at 93km. December. 1960 
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Figure 2b. Wind Energy Spectrum at 9lkm. January 1961 
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Figure 2c. Wind Energy Spectrum at 97km. January, 1961. 
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Figure 26. Zonal Amplitude Spectrum at 93km. January, 1961. 
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Figure Ze. Meridional Amplitude Spectrum at 93km. January, 1Wl. Figure 21. Vertical Amplitude Spectrum at 93km. January, 1961. 
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Figure 3a. Wind Energy Spectrum at 83km. February, 1961. 
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Figure 3b. Wind Energy Spectrum at 91km. February. 1961 
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Figure 36. Zonal AmpllttJde Spectrum at 93km. February. 1961. 
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Figure 3e. Meridional Amplitude Spectrum at 93km. February. 1%1 

24 12 8 6 
PERIOD (hours) 

Figure 4a. Wind Energy Spectrum at 83km. March, 1961. 
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Figure 31. Vertical Amplitude Spectrum ai 93km. February, 1961. 
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Figure 4b. Wind Energy Spectrum at 91km. March, 1961. 
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Figure 4c. Wind Energy Spectrum at 97km. March, 1961 
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Figure 46. Zonal Amplitude Spectrum at 9Rm. March, I961 
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Figure Q. Meridional Amplitude Spcclrum at 93km. March, 1961. 
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Flgurc 4. VerlluI Amplltwh Spectrum al93km. March. 1961. 
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Figure 5a. Wind Energy Spectrum at 83km. April, 1961 
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Figure 5c. Wind Energy Spectrum at 97km. April, 1961. 

Figure 5b. Wind Energy Spectrum at 91km. April, 1961. 
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Figure M. Zonal Amplitude Spectrum at 93km. April, 1961 
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Figure 5e Meridional Amplitude Spectrum at 93km April, 1961. 
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Figure 51. Vertical Amplitude Spectrum at 93km. April. 1961 
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Figure 6a Wind Energy Speclrum at 83km May, 1961. 
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Figure bb. Wind Energy Spectrum at 9lkm. May. 1961 
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Figure k. Wind Energy Spectrum at 97km. May, 1%1. 
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Figure 6e. Meridional Amplitude Spectrum at 93km. May. 1W1. 
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Figure 64. Zonal Amplitude Spectrum at 93km. May, 1%1. 
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Figure 61. Vertical Amplitude Spectrum f 93km. May, 1%1. 
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figure la .  Wind Energy Spectrum at 83km. June, 1961. 
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Figure IC .  Wind Energy Spcclrum al Pltm. June. 1961. 
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-igure 7b. Wind Energy Spectrum at Plkm. June, 1961. 

24 12 8 6 

PERIOD lhoursl 

figure l d .  Zonal AmpiituQ sprctrum It 93km. June. IW 
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Figure Is. Mrldionai Amplitude Spclrum at 93km. June, 1%1. 
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Figure Ea. Wind Energy Spectrum It 83km. July. 1%1. 
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Figure I f .  Vertical Amplllu& Spsclrum al 93km. June, 1961. 
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Figure 8b. Wind Energy Spectrum al9lkm. July. 1W1. 
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Figure Bc. Wind Energy Spectrum al 97km. July, 1961. 
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Figure 8e Mcrldional Ampllluds Spectrum at 93km. July, 1961. 
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FlgUre 81. Vertical Amplitude Spectrum at PJkm J i i l y  lpdl  
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Figure 9c. Wind Energy Spctrum d 97km. August l lst-6th).  1W1 
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Figure pd. Zolwl Amplltud S p d r u m  II 93km. August I 1st-6th ), 1W1. 
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Figure IOa. Wind Energy Spctrum at 83km. August ( l l th -24th) .  1W1. 
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Figure lob. Wlnd Energy Spectrum 1 Plkm. Auqust ( l n h  -24th).  1961 
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Figure 1Oc. Wind Energy Spectrum It 97km. August 117th -24th I, 1961. 
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Figure 1W. Zonal Amplitude Sputrum at 93km. August l I7th-24thl,  1961. 
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Figure la. Meridlonil AmplHude Sprctrum rt 9%m. August ( l l l h - W I l 1 9 6 1 .  

I 
24 12 8 6 

PERIOD Ihoursl 

Flqure 101. VwWc~l Amplltud, sprctrum rt 93km. August (17th-ZlthI .  1W1. 

21 



24 12 8 6 
PERIOD (hours) 

Figure lla. Wind Energy Spectrum at 83km. September, 1961. 
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Figure llb. Wind Energy Spectrum at 91km. September. 1961. 
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Flgura llc. Wind Energy Spectrum at 97km. Saplomkr, 1961. 
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Flqure lld. Zonal AmplltuC Spatrum It 93km. Sgtemkr .  1961. 

22 



I 

24 12 8 
PERIOD (hours) 

figure l l e .  Meridional Amplitude Spctrum at 93km. ~OI I Ibrr .  1961. 
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figure 12a. Wind Energy Spectrum at83km. Octobrr. 1961. 
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Flgure 111. Vertical Ampiltub SPOCtrum al93km. Ssptembr. 1961. 
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flgure 12b. Wind Energy S p a r u m  al91km. OCWmr. 1961. 

23 



24 12 8 6 
PERIOD (hours) 

Figure 12c. Wind Energy Spectrum #I 97km. OctQIr. 1W1. 
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Figure 12e. Meridional Amplltu6c Sputrum It V3km. Oclobrr. 1961. 
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Figure 124. Zonal Amplitude Spectrum at 93km. October, 1961. 
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Figure 121. Vertical Amplitude Spectrum at 93km. October, l%l 
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Figure 1%. Wind Energy W r u m  at83km. Mvtmber. 1961. 

PERIOD (hours) 
Figure 13c. Wind Energy Spatrum at 9Rm. Nownber. 1961. 
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Figure 13. Wlnd Energy Spectrum at 9lkm. Mwmber, 1961. 
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Figure 13d. Zonal Amplnudr Spectrum at 93km. Novambrr. 1961. 
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Figure 1%. Meridional Amplitude Spectrum at 93km. November. 1W1. 
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Figure 1 6 .  Wind Energy Spadrum al83km. December. 1961. 
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Figure 1%. Vertical Amplitude Spectrum at 93km. November. 1961. 
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Figure 14b. Wind Energy Speclrum at 9lkm. December. MI. 
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Figure 1Y. Zonal Ampiltuk Spectrum It 93km. Dcembrr, 1W1. 
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APPENDIX I 

Listing of the IBM 7094 FORTRAN IV 
Spectrum Analysis Program. 
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!i I U JUL! 1 l i b K  ENERGY b P E C I K U M  TO PLOTTER TAPE. 
B P A U a t  
P L x t  C u l E  I fj JOli 
B1bJOL. I  
B I R F T C  ERG 

CIU 9 LOG I C 9 14AP 
149 4 * XR 7 * L I b T 

C 
C 
C 
C 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
c 
C 
C 
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C 
C 
C 
C 
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C 
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C 
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ERG ( E L F O R D *  HC'PEH* GROVES)  METEOR WIND 5PECTRUt.I A N A L Y S T 5 0  

K L U T l N E  bPECTHcll.1 A N A L Y 5 I L . o  

DATA O U T P ~ l  FROM 1190A TO BE ON TAPE 2. 
MAX1MUI.l  OF 2UUO ECHOE59 ALL FROM ONE MONTH. 

ClPT I V l L L l )  DATA t i A N D L I N G  FORTRAN 1V PROGRAM. 

[ L A T A  C h  [ A P E  2 C O N 5 I b 1 5  OF 
H E A D t R  C A R L ,  t REPRODUCED A I  THE TOP OF EACH PAGE OF OUTPUT. 
FORMAT l 2 A 6  
(JUTPUT TAPt U E s I G N A T I b N .  FORMAT 6 A 6 r  
t i L l C i t i T  R A N b E t  LI4 IN-Lr4AXo F O K M A l  1 X 2 F 4 . 0  
NEXT CAKU NORMALLY HA5 A L t R O  OH B L A N K  I N  COLUMN 1. I F  5 E V E H A L  
JEGIUIENIL OF A bPECTHUI4 ARE R E Q U I R E D ,  A 1 I S  PUNCHED IN COLUMN l r  

END FREQUENCY (NORMALLY 4 . 0 1 9  AND THE FREQUENCY INCREMENT 
s f A l 4 T I N G  FREOUENCY FOH P F R I O O O G R A M ~  I N  C Y C L E b I D A Y  l N C H V A L L Y  0 . 5 ) t  

(NOI IMALLY O r U 5 1 r  FOHMAT 1 1 9 3 F 5 . 2  
DATA O U T P U I  1 1 9 U A .  MAXIMUM OF 2000 C A R P L r  
A dLANK CARD TO F L A G  END OF ECHO DATA. 
I F  A 1 H A 3  d E t N  PUNCIIED I N  COLUMN 1 OF T t iE  FREQUENCY R A N d E  
AND IYCHEl4 tNT  CARD9 THEN FURTHER CARDb S P E C I F Y I N G  Tt iE SPECTRUM 
I N I E R V A L L  AND I N C R t l d l t N T b  FOLLOIU9 EACH W I T H  A 1 I N  COLUMN 1. 
I H E  L ~ s l  OF T H E ~ E  CAHDb ( I F  A N Y )  MiJbT C O N T A I N  A LEK0 OR B L A N K  
I R  COLUMN 1 TO TRIGGER T H E  OPERATOR REMOVE TAPE MEbSAGE. 

A'qY COMPLETE SET OF CARDS ABOVE MAY B E  FOLLOWED BY ANOTHER 
b E T c  COMMENCING FROM, AND I N C L U D I N G 9  HEADER CARD, 

D I M E N b I O N  K H T I 2 O l  
D I M E N 5 I O N  R E S U L T I l Z )  
U I M E N s I O N u ( 2 4 * 2 4 I t A ( 2 4 ,  48)tR(24,24)9P(24)tD(24I9AC(24) 
U I M E N b I O N  s I G M A 1 2 4 I  
D I M E N S I O N  L T H M M ~ 2 0 0 0 ~ r E L 3 M ~ 2 0 0 O ~ ~ E M 3 M ~ 2 O O O ) ~ Z M ~ 2 O O O ~ ~ V E L M  2000)( 

O I M E N b I O N  T A P E l 6 )  
D I M E N b I Q N  F I N I S ( 1 2 6 J  
c Ol4MON A 9 H 9 NOP 9 ZM I N 9 M I N 9 LM AX v M A X 9 S U M t N P t N O 9 N R t N A O  N B O ~ N C O V  

COMMON K H T I N H T ~ M Y ~ M O  

T H I b  5 E C T I U N  OF T t i E  PROGRAMME H E A D b  P R O C E S b I N G  PARAMETER50 

1 JOM I 2 O O U  1 

1 N A t N B t N C e  A C t R E b U L T t P E R I O D  

6UUU C O N T I N U E  
I PR 1NT.U 
LOAD.-1 
M = O  
ZERO.UIO 
NPASSsU 
N0GO.U 
NOP=U 
READ ( Z v 3 1 I R E S U . T  

READ ( 2 ~ 3 1 ) f A P E  
NP. 1 

3 1  FORMAT( 12A6  I 
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N O =  1 
NR= 1 
READ ( 2 * 2 ) L M I N * L M A X  

1.: I iu = L 14 I N 
MAX=LMAX 
1 F ( Z M A X - Z i 4 I N - 3 1  .O) 3 9 9 3 9  9 4 0  

2 FLHMAT ( l X 2 F 4 . U )  

4 u  t 1 r l i 1  TE ( 3 9 4 1  1 
4 1  f . O H M A r ( l X 3 7 t i t i E I G H T  RANGE E X C E E D 5  ALLOWABLE 3 0  K M . / / / l X 2 1 H E X E C U T I O N  

1 I t H M I N A I E U . / / / / / / / I  
PRINl 4 1  
G O T 0  3UU 
kti 1 ( 1 )= I41  N 39 
lUI-1 I = ( Li'l A X - L M  1 N 1 1 2  0 O+ 1 0 0 

8 6 5  H E A D ( 2 9 8 6 6 1  I ~ I T * S T A R T * E N D I T 9 5 T E P  
865 F O H M A T ( I 1 * 3 F 5 o 2 )  

N U C l P A b = ( E f J U I T - ~ T A R T ) / ~ T E P + l o ~  
ENDIT=ENDI~-U.UUU~ 
C Y C L E = ~ T A H T - ~ T F P  
L O A D = L O A D + l  
I F ( L O A D ) 7 U U * 7 0 0 * 1  

7 ~ u  D O 7 0 1 = 2 * N l + T  
KHT( I ) = K I l 1  ( 1 - 1 ) + 2  

7 u  C O N T I N U E  
NAU=2 
N A = 2  
NAHOLD= NA 
N U 0 = 3  
N B =  3 
N C u = u  
NC=U 
N = 2 4  
N E = 2 5  
N 2 = 4 8  
N A b E = 3  
NAUT=f+  
N A E = 3  
N A 2 = 4  
N B U E = 4  
N B U T = 6  
N B E = 4  
N B 2 = 6  
N C U E = 1  
NCUT=c) 
N C E = 1  
N C 2 = 0  

P R I N T  2 U U O s T A P E  
2UUU F O R M A T I 1 X 4 H L O A D  6 A 6 r 3 2 H O N  B 6 9  AND PUSH 5 T A R T  WHEN READY / l H l / l X I  

P A U b E  
R E W I N D  46 
C A L L  D N S H I  

P R I N T  7 1 9 3 t N U M P A 5  

I F  (LOAD 1 3 9 3  9999 

1 W R I T E ( 1 6 ) R E b U L T t K H T ( l ) r " T  

7193 F O R M A T ( l X 3 O H N U M B E R  OF P A S S E S  T H I S  SEGMENT 1 6 / / / / / / / )  

3 R E A D  ( ~ ~ ~ ) U R * M P I M Q , J O ~ L T I M H I L T [ M M , E L I E M I E L ~ ~ E M ~ * Z * L E V E L * L T *  

4 F O R M A T ( F ~ . ~ ~ ~ [ ~ ~ I ~ ~ ~ F ~ O ~ ~ F ~ ~ O T ~ I ~ * ~ I ~ * F ~ O O ~ Z I ~ )  
lNFL,NFM,VEL*MCS9MX 

* I F ( U R 1 9 9 9 * 9 9 9 * 5  
5 I F  ( Z - Z M A X  16 9 6  9 3 
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6 1 F ( L -L M I N I 3 9 7 9 7 
7 M=P:+1 

M Y  = I), P 
MO=MO 
JOM ( M 1 = JO 

E L 3 V ( M l = E L 3  
EM3M ( M  I =EM3 
LM(M1.L 
V E L M ( M I = V E L  
G O T O  3 

P E H I(1I) L 4.0 1 c Y C L E  
NA=IUAtiULU 
U 0 3 8 1 = 1 * 2 4  
P ( I  ) = U . U  

A C (  I l = U . U  
D O 3 8 L = 1 9 2 4  
Q (  I ' ,L )=U.U 

3 8  CONTINUE 
SUM 1 =U . U 
SUM2 =U. U 
S UCl 3 = u . 0 

L T t + I 4 M i M l = L I  I l 4H*1UU+LTIC IM 

999  C Y C L t = C Y C L t + b T E P  

C 
C N E X l  CUMEb P R O C E b b I N G  OF ECHO DATA TO PRODUCE COLUMN5 D AND PI 
c AND M A T R I X  0. 
C 

I R d N = U  

J O = J O M ( I R U N l  
L r H M = L I H M M (  I R U N I  
E L 3 = E L 3 M ( I R U N l  
t M 3 = E M 3 M ( I R U N I  
L = L f 1 (  I H U N  1 
V E L = V E L M (  I H U N )  
C A L L  T I M E  ( M Y I M O ~ J O I L T H M I P E R I O D I T )  
U C L = E L 3  
DCM=EM3 

6 u  I H U N = I H U N + l  

DCN=SQHT ( 1 . 0 - E L 3 * * 2 - E M 3 + + 2 1  
5=(2.U*Z-LMAX-ZMIN)/(ZMAX-ZMIN~ 
S = 5 + ~ , 0 0 0 0 U  1 

5UMP=O 
SUMQ=U 
bUMR=U 
NCOUN T = 0 
SUMbAU= 1 
I F ( N A U T  l l l U 1 1 1 U * 8 4  

bUMbAO=bUMbAU+S**K 

W M b A  =1 
D 0 9 K = 2  I N A 2  9 2  

SUMP=SUMP+hUMSA 

bUMbBU= 1 
I F ( N B U T ) 1 3 U ~ 1 3 0 * 1 1 4  

bUMSBO=SUMhBU+b**K 

V E L  =-VEL 

84 0 0 8 K = 2 * N A U T * 2  

8 CONTINUE 

9 SUMSA=bUMbA+S**K 

1 l U  bUMP=SUMP+bUMSAO 

114 D O 1  1K.2 t N B U T  9 2  

11 C O N T I N U E  
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bUMbB= 1 
0012K=2 rN62 92 

12 bUMbB=SUMbB+b+*K 

13U bUMQ=SUMO+SUMbBO 
bUMQ=5UMQ+SUMSB 

SUMSCO= 1 
IF(NCUTl16U*16U*135 

bUMbC3=bUMbCU+b**K 

bUMbC= 1 
D015K=2 *NC2 92 

1 5  bUMbC=bUMbC+b**K 
5 Ut4 H = 5U MR +5 UMSC 

16u bUMR=5UMH+bUMSCO 
I ~ ~ = ~ . ~ / I ~ D C L * * ~ ~ * S U M P + I D C M * * ~ ) * ~ U ~ ~ Q + ~ D C N * * ~ I * S U M R I  
bUM3=SUM3+WF*VEL**2 
0020K=19NAOE 
NCOUNT=NCOUNT+l 

UOZlK=l,NAE 
NCOUNT=hCOUNT+l 

D022K=1 BNAE 
NCOUNT=NCOUNT+l 

D023K=ltNBOE 
NCOUNT=NCOUNT+l 

0024K=lrNBE 
NCOUNT=NCOUNT+l 

DO25K= 1 tNBE , 

NCOUNT=NCOUNT+l 

135 D014K=29NCUTt2 

14 CONTINUE 

2u DlNCOUNT)=UCL*(5**(K-lll 

21 UlNCOUNT)=DCL*(b*+(K-lI)*5IN IT1 

22 DlNCOUNTl=DCL*~b**~K-lll*COS I T )  

23 ~(NCOUNT)=DCM*(S**IK-lll 

24 D l N C O U N T ~ = D C M * ~ S * * ~ K - l l l * S ~ N  (TI 

25 D ~ N ~ O U N T ) = D C M + I S * * ~ K - l l l * C O ~  (TI 
0026K=ltNCOE 
NCOUNT=NCOUNT+l 

26 U(NCOUNT]=UCN*IS** 
DO27Krl tNCE 
N C OW T = N C OU N T + 1 

27 D ( NCOUFIT ) =DCN* ( S** 
0028Kz1 tNCE 
NCOUNT=NCOUNT+l 

28 U(NCOUNT)=DCN+lb** 
D029J= 1 tN 

K-11) 

K-l)I*SIN I T )  

K-1 I I *Cob' I T I  

PlJI=P(Jl+WF*VEL*D(Jl 
29 CONlINUE 

D03UJ=1 tN 
. D030K=ltN 

Q ( J t K l = O l J t K ) + ~ F + D ( J l + D ( K l  
3r, CONrINUE 

IFIIRUN-Ml60,5894r5894 I 

C 
C INVERSION OF Q I  AND FORMATION OF COEFFICIENT COLUMN ACo 
C 
5894 DOlUlJ=l *N 

DOlUlK=lVN 
A ( J t K l = O ( J t K l  

DOlUZJ=ltN 
lUl CONTINUE 
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D O l U Z K = N E  r N 2  
I F ( J - K + N ) l U 8 * 1 U 7 * 1 0 8  

G O T O l U 2  
1 u 7  k ( J t K ) = l . O  

1 d 8  A ( J * K ) = U .  
1 b 2  C O N l l N u E  

C A L L  I r l A l b l N  ( N * M I 5 b )  
I f - ~ M I ~ ~ l l l ~ 3 * 1 1 0 7 * l l ~ 2  

ruH I T E  ( 3 * 1 1 0 4 ) N * N  
1 0 2  C A L L  PAGL ( R E ~ U L T I P E R I O D )  

1L14 FOHIrlA T ( 1Hu 1 1 X 5 3 H  +++*i t  ERHOR I N  I N P U T  D A T A  H A S  R E S U L T €  
10 I N  M A T R I X  Q ( I 3 r l H * I 3 * 3 4 H  ) B E I N G  UNSUITABLE FOR I N V E R S I O N . / / / / /  
Z l x30HPROGRAMME CANNOT b E  C O N T I N U E D * / / / / / / / I  

P R I N T  1 1 d 4  
G O T 0 3 U u  

D 0 1 0 3 K = l  * N  
D O I U 3 J = 1  * N  

U O l U 4 J = l * N  
U O l U 4 K = l * N  
~ U M l = s U M l + A C ( J ) + A C 1 K ) * ~ ~ J * K )  

U 0 1 0 5 J = l r N  
bUMZ=bUMZ+AC(  J ) * P ( J l  

s U M = ( S ~ M 1 - ( 2 . ~ * S U M Z ) + ~ U M 3 ) / F L O A T  ( M - N )  
D 0 1 0 6 J = l * N  

11.3 C O N T I N U E  

l u 3  A C ( K I = A C ( K I + P ( J ) * R I J * K )  

l U 4  C O N T I N U E  

l u 5  C O N T I N J E  

1 ~ 6  b I G M A ( J )  =bQRT ( R ( J * J ) * 5 U I ’ i )  
C 
C P H E L I M I N A R Y  OUTPUT. 
C 

NOGO=NOGO+l 
I F ( NOGO-1 17 1 

7 1  C A L L  PAGE ( R E b U L T r L t R O I  
N R I  r E  ( 3 * 2 0 O l  

7 1  972 

2 u u  F O R M A T I ~ H  / / / / 1 X 4 8 H  V A R I A T I O N  OF UPPER ATMObPHERE W I N D 5  WITH HFIGH 
1 I / / 1 X 5 1 H  UAJED ON GROVE5 A N A L Y S I S ,  W I T H  ERROR D E T E R M I N A T I O N / / / / )  

W R I T E  i 3 * 2 0 1 ) M t N * M A X t M I N  
2 u l  F O R M A T ( 1 H  / / / / 1 X 3 2 H  NUMBER OF METEORS PROCESSED = 1 5 / / / / 1 X 3 3 H  NUM 

I t j E R  OF INPUT PARAMETERS = I4//// 
2 1 X 2 7 H  H E I G H T  RANGE*  MAXIMUM 1 5 * 1 X l l H  M I N I M U M  1 5 9  
3 l X 1 5 H  K ILOMETRES.  / / /  1 

W R I T E  ( 3 * 2 0 2 l N A O * N A  

W R I T E  ( 3 r 2 0 3 1 N B O * N B  

W R I T E  ( 3 ~ 2 0 4 1 N C O t N C  

2 ~ 2  F O R M A T ( 1 X Z U H  E A b T  - k E 5 T  P R O F I L E  21311x1  

2 U 3  F O R M A T ( l X 2 U H  NORTH-SOUTH P R O F I L E 2 1 3 1 1 X )  

204 F O R M A T ( l X 2 O H  V E R T I C A L  P A R A M E T E R S 2 1 3 1  
72 C A L L  PAGE ( R E S U L T t P E R I O D )  

W R I T E  ( 3 r Z 0 6  1 

J =O 
D 0 2 0 5 1 = 1  * N  
JBJt1 
I F J-50 I 2 0 8  r Z 0 8  9207 

C A L L  PAGE ( R E S U L T t P E H l O D I  
W R I T E  1 3 ~ 2 0 6 )  

Z U 6  FORMAT(1XZSI- i  COLUMN M A T R I X  A C ( K 1  1 1 x 1  

2 U 7  J = O  

ZUB W R I T E  ’ ( 3 ~ 2 0 9 ) A C ( I l r S I G M A 1 1 1  
209  F O R M A T ~ ~ X ~ ~ X F ~ ~ Z V ~ X F ~ ~ ~ )  
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2b5 CONTINUE 
CALL P A G E  (RESULTtPERIOD) 
CALL VARY 
NPAbS=NPAbb+l 
W R I T E  ( 3 9  2 9 9 )  NPASS 

IPRINT=IPHINT+l 
IF( IPRINT-10J281t280r280 

PRINT 299rNPAbS 

299 FORMAT(lX12H E N D  OF PASSIS) 

28U IPRINTtO 

281 IF(CYCLE-ENDITJ999r300r300 
3UU NHT6=6*NHT+6 

00301I=lrNHT6 

WRITE (16l(F1NIS(I)rI=lrNHT6J 
IF( I6IT J33293329865 

HENIND 46 
PRINT 3339 (TAPEIIOUT)*IOUT=lr6) 

3Ul FINIS(II=O.O 

332 END F I L E  46 

333 F O R M A ~ ( l X 6 H R E M O V E / l X ~ l X  6A6t39HFROM 6 6 r A N D  HOLD A S  F I L E  TA 
1 P E o  ///lxl6HTHEN P'JbH START.////lX9lOXltHMANY T H A N K ! J ~ / / / / / / / / )  
P A U b E  
GOT0 6UOU 
END 
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E I U F T C  V A R Y  1.'94 X R  7 L I !J T 

C C A L C U L A T E 5  THE Af4PLI  TUDE AND PHAbE OF THE P E R I O D I C  COMPONENT 9 

c P R I N T 5  THEsE OUT A T  2KM I N T E R V A L S  OVER THE H F I G H T  RANGE S P E C I F I E D .  

bUl3HOUl I N E  V A R Y  

C TOGETHLH W I T H  THE MObT PROBABLE ERROR I N  EACH. 
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F J = P E R  I OD 
I F ( C 0  1 1 1 4 * 1 1 1 ~ 1 1 5  

111 I F ( 5 I  ) 1 1 3 * 1 1 3 9 1 1 2  
1 1 2  P H ( I T ) = F J / 4 . U  

G O T 0 1  16 

G O T 0 1 1 6  

G O T 0 1 1 6  

1 1 3  P t i (  I T ) = F J * U . 7 5  

114 PH(IT)=FJ*Oo5+IFJ/6*283181*ATAN (5I/COI 

1 1 5  PH(ITl=(FJ/6.2831R)*ATAN ( b I / C O l  
116 I F ( P ~ ( I T ~ ~ 1 1 7 * 1 1 8 ~ 1 1 8  
1 1 7  P H ( I T ) = F J + P H ( I T )  
1 1 8  0 0 1 1 9 K = l * N A E N L I  

D 0 1 1 9 L = 1 9 N A E N D  
K b = K + K b T A R T  
L > = L + K b T A R I  
K C = K b + N U 5 I N  
L C = L b + N U 5  I N  
b I G 5 I N  = 5 I G 5 I N  +5**(K-l)*S+*(L-l)*R(K5*L5) 
5 I G 5 C  = b l G b C  + 5 * " ( K - l I * S + * ( L - l ) * R ( K S I L C )  

119 b I G C O 5  = a I G C O b  +~*+(K-11*5**(L-l)*R(KCILC) 
l " O D = Z . b * h I  "CO " 5 I G 5 C  
b I G P H  = ( C O b 5 Q J * S I G 5 I N  + 5 I N b O J * S I G C O S  - P R Y D ) Q b U : , / j i l C l b Q J i i + 2  

Et?PH( I T  l = b O R T  ( b I G P H ) * F J / 6 . 2 8 3 1 8  
b I G A I 4 P  = l b I N 5 Q J * 5 I G 5 I N  + C O 5 5 Q J * S I G C O 5  + P R G D ) * b U K / 5 U M 5 Q J  

1 2 1  E R A M P ( I T ) = b Q R T  ( 5 I G A M P )  
1 2 8  C O N T I N U E  

K E N D = K L N D + N U S I N  
h!R I T E  

* H I  TE (3*1230)(EO(IT)*IT=l*NHTI 

& R I T E  ( 3 , 8 7 1 1  
vJR I TF 

W R I T E  ( 3 * 1 2 3 0 ) ( E R A M P ( I T ) ~ I T = l * N H ~ l  
dR I TE ( 3 9 8 7 1  1 
WH I TE 

bJRI [ E  (3*1250l(ERPH(IT)*lT=l*NHTl 

h R  I TE ( 3 9 8 7 2  1 

( 3 9 1 2 3 1  (c10( I T  ) * I T = 1 * N H T )  
1 2 3  F O R M A T ( l X 6 H M E A N  1 6 F 7 . 0 )  

1 2 3 U  F O H M A T L l X 6 H E R R O R  1 6 F 7 . 0 1  

( 3 * 1 2 4  1 ( AU I I T 1 I T =1 * N H T  I 
1 2 4  FORf.1AT ( 1X6HAMP 1 6 F 7 . 0  I 

( 3 9  1 2 5  I ( P H I  I T  1 *I T = 1  * N H T  1 
1 2 5  F O R M A T ( l X 5 H P H A b F 1 6 F 7 . 1 )  

1 2 5 U  F O H M A T ( l X 5 H E R H O R 1 6 F 7 . 1 )  

8 7 2  F O R M A T I l X / l X )  
k R I  TE ( 1 6 )  I D E N T r l . I Y , M O r P E K I O D * h H T ( l )  r N H T * ( b O (  I T ) *  I l = l r N H T )  9 

1 
2 l P H ~ I T ) ~ I T = l ~ N H T ) ~ ~ t ~ P t i ~ I T ~ ~ I T ~ l ~ N H T l  

( E O ( 1  I 1 9 1  I = l r N H I ) * ( A u (  I T ) r I T = l * N H T  I * ( E H A I * l P (  I T )  9 I T = l * f q H T ) 9  

I F ( N 5 I b N ) 1 2 Y * 1 3 1 r 1 3 3  
1 2 9  NAOE=NtjOE 

N A = N B  
N 3 I GN = O 
I D E N T = L  
W R I T E  ( 3 * 5 9 8 1  

598 FORf4ATI  l X 3 9 H N O R T H - h O U l H  COMPONENT5 OF THE MEAN W I N D / /  1 
G O T 0 9 8  

1 3 1  NAUE=NCOE 
NA=NC 
N b  I GN= 1 
I DENT= 3 
WR I TE ( 3 9 5 9 9 )  

5 9 9  F O R M A l I l X 3 9 H V E R T I C A L  COMPONENT5 OF THE MEAN w I h D / / I  

1 3 3  RETURN 
G O ~ O ~  

END 
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$ 1  hF T C  MA1 5 I h M 9 4 r X R 7  r L  1 5 1  

C 
C 
C 
C 
C 
c 

7u 
7 
8 
9 
10 

11 

1 2  
1 3 d  
1 3  
1 4  
1 5  

~ U R R O I J T  M A T L I N  ( h r M 1 5 5 )  

I h V t K b I O N  UF M A T R I X  (JF ORDER NI UP TO 7 0  X 7 0 .  

P R O C E t b b  V I A  A M E T H O D  O F  G A U 5 5 I A N   ELIMINATION^ D E S T R O Y I N G  
TtiL A U b l 4 E N r E D  l 4 A T R I X  A I N  THE PROCE55.  



SIBFTC PAGE 1.194 1XR7 1 L I b T  
5 U B R U U T I N E  PAGE ( R E ~ U L T I P E R I O D )  

r c 
C TURN> P A G E *  NUMHERb I T 1  AND WRITES H E A D I N G  AS A P P E A R I N G  
C ON R E 5 U L T  CARD. 
C 

D I M E N b I O N  H E b d L T ( 1 2 1  
D I M E N b I O N  A ( 2 4 * 4 R ) *  H ( 2 4 r 2 4 1  
COMMON A i  U P  NOP 
IJOP=NOP+ l  
I F  ( P E R  I OD ) 2  1 2  * 3 

2 N H l T F  I ~ ~ ~ ) H E ~ U L T I N O P  
5 F O R M A T (  l t i 1 / 1 X 1 2 A 6 * l U X 1 7 H ~ P E C  [ R U M  k N A L y s I s 3 X 4 H P A G E 1 5 / / /  1 

3 

1 F O R M A T ~ 1 H l ~ l X l 2 A 6 * l ~ X 6 t ~ P ~ R ~ O ~ F ~ ~ 2 , 5 ” O U R ~ 7 X 4 H P A G E I 5 / /  

4 RETURN 
ENC 

G O T 0 4  
F HEQ = 2 4 .  U /PER I 01) 
d R  I T E  ( ~ * I ) R E S U L T I P E R I O D I N O P I F R E Q  

11X82X9HFREOUENCYF8.4*l?t- C Y C L E b / D A Y . / / / )  
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S I B F T C  TIME M 9 4 r X R 7 r L I b T  

C 
C C A L C U L A T E 2  T I M E  OF ECHO r ( I 1 H  REbPECT TO I N P U T  PERIODICITY. 
C 

b U B R O U T I N E  T I M E  ( M Y * M O r J O r L T H M t P E R I O D t T )  

LT I M H = L T H X /  1UO 
L T I MM = L T H 1.1 - L T 1 M ti+ 1 U 0 
T M I N I T = ( J O - 1 ) + 1 4 4 0 + L ~ I M H * 6 ~ + L l I M M - 8  
T t - t O W =  1 / 4 1  N I 1 / 6 0  . I) 
NEWDAY = THOI IRIPER I OD 

HE TURN 
END 

T = ( T H O ~ H / P L H I O D - F L O A T  ~ N t * O A Y 1 ) + 6 . 2 8 3 1 8  
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APPENDIX IA' 

Listing of the IBM 7094 FORTRAN IV 
Master Tape Production Program. 
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S I B b y L  

BPAU5E 
SEX t C U T  E I B J O b  
B I B J O B  GO * L O G  I C  (MAP 
B I B F T C  MAsTLtI M 9 4 r X H 7 9 L I b T  

B I D  JUZT HGH R L D G  1. COPY E R G  OUTPUT TAPE5 ONTO MA5TFR TAPE. 
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APPENDIX II 

Listing of the IBM 7094 FORTRAN IV 
Plotter Program. 
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B I P b Y S  
$11) J U 2  HGH B L D G  1. W H I T E S  P L O T T E R  TAPES FROM EkIG MASTER. 
$ P A U L €  
¶ t ~ t C u l L  I t4 JOtJ 
B I t 1  JOli 
B I I ' F T C  P L O I  

GLI * L O G 1  C r t4AP 

c 
C 
C 
c 
c 
( 

C 
C 
C 
C 
c 
C 
c 
c 
c 
c 

c 

c 
C 
c 
C 
C 
C 
C 
C 
C 
C 
c 

< 

L 

w R I T E ( ~ * ~ O U O )  
1 3 U u  FORMAT ( 1 H l l l X )  

C 
C D E T E R M I N E  I l O N T H  TO t l E  PROCES5ED 
C 

R E A D ( Z r 4 ) M Y E A R t M O N T H  
4 F O R M A I ( Z I 3 )  

C 
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5 t A k C t - 1  I A P E  ON 87 F(Jk D A T A  R E Q U I R E D  c 
C 

C 
C COPY I l t U U I H E D  D A T A  ONTO 84 ( S C R A T C H  TAPE1 
c 

C A L L  CUPY 
C 
C 
C 

C 
C 
C 

C 
C 
C 

H E A D  P R O C E b L I N G  PAHAFIETERS 

SCT UP FHAI‘lE F O R  OUTPUT GHAPbI 

48 



0 
2 2  
2 3  

2 4  

2 5  
9 

C 
C 
C 
C 
C 
C 

1 ub 

1u1 
l u 2  

2 d 1  
7 ~ 2  

l b 5  

1 u9 

l U 8  
1 u6 

a E r  UP A M R H Y  F O R  PRUCES5I ;VG b y  IDDRAW.  
L I N t A H  I l \ 1 l t H P O L A T I O N  b t T W t E N  DATA P O I N T b  

Aut: I T I U X A L  F I L L F  2 ROUT I N F 5  I N C L U D E D  I N  I PDRAW. 
U a E D  I O  P H U d I D E  F I L L E H b  TO OVEKCOI.IE PLOTTER P E h  I N F R T I A .  
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N Y ( N J ) = Y ( N I  ) * Y M L J L T  
I F ( N J - 2 0 ~ 0 ) 1 U 5 r 1 0 7 r l 0 7  

MAX X = X MA X + C 
MAX Y = Y M A X  +C 
I F I K P U T  1 7 3 * 7 3 ~ 7 2  

7 7  C A L L  5 I X ( k P U T )  
7 3  C A L L  IdDHAW 

1 0 b T = I O U T + 1  
IF~IOU~-4)1071*1071r1070 

h H I T E ( 3 * 1 d 0 U )  

h H I  I E ~ ~ * ~ ~ ~ ) H ~ ~ J L T ~ I H I M A X X * M A X Y * I ~ I G Y * K P U T *  N I * N J t J U S E * N T Y P E * ~ ~ , O D E  

1.7 C O N T I N U E  

l u 7 b  I;UT=U . 

l U 7 1  C O N T I N U E  

l b 4  FOWMAT(lX12A6r/lX/lX6HHEIGHT 1 6 r / l X / l X 6 H X M A X  1 6 r / l X / l X h H Y M A X  -161 
1 1 X / l X 6 H R I G Y  1 6 / 1 X / l X 6 H K P U T  1 6 1  
2 l x / l X Z H N I  1 5 r 3 H  N J  1 5 9  5H JUSE 1 5 9  6 H  NTYPE 1 5 9 5 H  MODE I 5  / / l X l  

GOT03 # 

3 d U  R E W I N D  4 4  
R E k I N D  46 
H E H I N O  47 
P R I N T  3 0 1  

3 d 1  F O R M A ~ ( l A 2 7 H R E M O V E  A M 2 3 1 6  FROM U 6 / 1 X / l X 2 4 H A N O  A M 2 8 5 0  F 
l H O M  H 7 / 1 X / l X 2 2 H A N D  PUbH >TART TO E X I T / / / / / / / )  

PAUbE 7 
HE 1 URN 
END 
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. .  

_ .  

( 1  * 2 * 3 9 4 * 5 * 6 * 7 )  I 
A+’*A; IT  C O M P L L T I O N  OF A L L  I O E X  A C T I V I T Y  
2 NO OF C H A N N F L 5  TO C L E A R  
2 
i n 0 * 4  DO T k l C E  
CHi lN 2 
L O A I )  9 2 GET CHANNEL I N D F X  TO I R 1  
. C H X A C  T E b T  CHANNEL 
*- 1 BUbY 
i 4 t X  1 * 2 * 1 GO TO f.IEXT CHANNEL 
CLEAR 9 4  1 ONCE MORE TO MAKE bUHE 
L t R O  TURN TRAP5 OFF 
A L L  I/O NO& UNLIEH CUYTKOL OF I b b H A W  
6 
1 2 0 b U r 4  
hEC+120)0c  * 4  
* - 1 9 4  9 1 
1 9 1  
* + I *  1 *-I 
3 * 2  
1 2 0 d 0 * 4  
CUUN T 
2 E L E C T  
H t C  
6 
C I W  

* + 2  
1 Ut3F 
6 

CIU 1 

* 

* 

N A 9 2  
1 8  
t1Y 9 2  

IF1E 
HEAD 
REC 
6 
CMD 

++2 
OUTR 
6 

G O l A  

* 

* 

12LL0014  
R E C + 1 2 0 0 0 * 4  
‘-1 9 4  * 1 
1 2 0 0 0 t 4  
T I M E  
REDROP 
REC 
*+1*4 9 - 1 5  
!3w 1 
N Y  9 2  

T IME2  
N Y + l r 2  

5 1  



5TO 
5UB 
bT0 
5SP 
SUB 
TM I 
CLA 
TPL 

bUBlT CLA 
ADD 
1 PL 
bT0 
T Z E  
CLA 
b U H  
hT0 
CLA 
ALb 
ORA 
O H  A 
bL w 
bLk 
T I X  
b X  A 
TbX 
A X  T 
T R A  

A D I I I T  CLA 
bU6 
S T 0  
T M  I 
I LE 
CLA 
ADD 
> T O  
CLA 
ALb 
OR A 
OR A 
bLW 
bLW 
1 I X  
JX A 
1 bX 
A X  T 
T R A  

ou T > T L  
CLA 
ALb 
OR A 
ORA 
bL d 
bLW 
T I X  
b X A  
I bX 

A X  1 
CLA 
T LE 
T R A  

T I M E  
NY 92 
F 1  

= 1 1  
0ut4 
F 1  
ADD1 T 
F l  
= 1 1  
ou T 
F 1  
ou  T 
T I M E 2  
= 1 1  
T I M E 2  
NX 92 
18 
T I M E 2  
REDROP 
FOG 
REC+12000*4 
sJBIT*4*5 
++2*1 
O U T K  9 1 
+ + *  1 
but31 T 
F 1  
= 1 1  
F 1  
ou T 
OUT 
T I M E 2  
= 1 1  

N X  92 
18 
T I M E 2  
REDROP 
FOG 
REC+12000*4 
ADD1 T 9 4 9  5 
*+2 9 1 
O U T K p  1 
+ + * I  
ADD I T 
5w69 
NX 92 
18 
T I M E  
HEDRdP 
FOG 
HEC+12000*4 
++4*4 * 5 
++2 * 1 
O UTK* 1 
+ + * I  
5b69 
++2 
NATZ 

r I M E ~  
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O U T 4  

NAT 2 

G O 2  

END 

E N A E L t  
it 

OUTK 
. OUTK2 

E N D l  

. .  

FMT 
CMD 1 
CMD 
CMD2 

51 L 
TRA 
C L A  
A L b  
ORA 
URA 
S L N  
b L w  
1 I X  
b X  A 
I b X  
A X  T 
T X  I 
T I X  
PX A 
bT0 
C L A  
SUB 
A L S  

wTHB 
RCHB 
TCOR 
TRCB 
I R A  
UbRC 

T R A  
HFFt: 

J r o  

r COB 

N U L L  
T C O A  
H O C A  
TCOU 
RDCH 
N L T  
ENP+ 
R E T U R i L  
NOP 
w T t3R 
H C H U  
I cot3 
I RCB 
1 H A  
BbRB 
T cot3 
THA 
A X  T 
bTL 
1 I X  
A X  T 
CLA 
ORA 
SLW 
T X  I 
I R A  
BC I 
BC I 
IORT 
I OH1 
I O R T  

buJ69 
OUT+1 
N X  1 2  
18 
T I M E  
HEDROP 
FOG 
H E C + 1 2 0 0 0 t 4  
++4 94 r 5 
+ + 2  * 1 
OUlK9 1 
+ + 1 1  
+ + 1 1 2 1 - 1  
G O 1 1 1 1  
0 1 4  
F 1  
= 12b .00  
F 1  
1 8  
CMU1 
6 
CMD 1 

+ + 2  
END 
6 

GL) 2 
6 
R E I N b T A T E  CONTROL OF I10 R Y  I O E X  

it  

+ 

* 

* 

. T RPSN . T RAPX 
I BDRAW 

6 
CMD2 

+ + 2  
E N D l  
6 

OUTKZ 
1 2 0 U 0 1 4  
H E C + 1 2 0 0 0 1 4  
+ - 1 1 4 * 1  
1 2 U U 0 1 4  
FOG 
REOHOP 
REC 
* + 1 1 4 * - 1 5  
1 9 1  

l r U 0 1 3 )  1 
l r (  1 x 1  ( 1  
H t C + l O t r * +  
HECI 9 5  

R E C r r 1 2 0 0 0  

* 

+ 

53 



C M D l u  IOHT R E C r 1 1 5 0  
X Y  CONTRL Xy 

USE 
1 Bbb 
NX BSb 
NY HSb 

USE 
SELECT OCT 
REDROP OCT 
UP OC T 
DOWN OCT 
READUP OCT 
READ OCT 
REC tis5 
YAWL BSb 
F 1  I355 
5w 1 BSb 
T I M E 2  BbS 
5W69 Bbb 
FOG Bbb 
COUNT BSb 
T I M E  USS 

AXC 
AXC 
AXC 
AXC 
A X C  

LOAD N U L L  
LERO P L E  

END 

X Y  
1 
2 0 0 0  
2 U U d  
PREV I OUS 
600U00040000 
600000600000 
000uu0100000 
000000200000 
6UU000500000 
600U00400000 
1 2 0 0 0  
100 
100 
1 
1 
1 
10 
1 
1 
4 9 1  CHANNEL E I N D E X  
3 r l  CHANNEL 0 I N D E X  
2 * 1  CHANNEL C I N D E X  
l*l CHANNEL B I N D E X  
U 1 1  CHANNEL A I N D E X  
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SIBFTC FRAME M 9 4 r X R 7 r L I b T  

C 
C bETb UP FRAME FOR OUTPUT GRAPH 
C 

C O M M O N / X Y / N J I N X ( Z O ~ ~ ) ~ ” ( Z O O O )  
NJ=1632 
NX(l)=U 
NY(l]=4030 
005001=2*403 
NX(I]=NX(I-ll+lO 
NY(II=NYII-lI 

D050001=4U3*408 
NX(I+l)=NX(I) 
NY(I+l)=NY(II 

005011=409~811 
Nx(I)=NX(I-lI 
NY(I)=NY(I-lI-lO 

D05UUlI=811*816 
NX(I+~)=NX(I) 
NY(I+l)=NY(I) 

005U21=817*1218 

NY ( 1  )=NY( 1-1) 

0050U21=1218*1223 
NX( I+l)=NX(I) 
hY(I+lI=NY(Il 

005031=1224*1626 
Nx(I)=NX(I-l) 
NY(I)=RY(I-11+10 

D050U31=1626*1631 
NX(I+lI=NX(I) 
NY I I +1 I =NY ( I 1 

5uu3 CC)NTINUE 
RETURN 
END 

W B R O U T I N E  FRAME 

5uu COlvT INUE 

50uu CONTINUE 

5Ul CONTINUE 

5 0 ~ 1  CONTINUE 

lux( 1 )=hX( 1-1 )-lo 

5u2 CONTINUE 

5UU2 CONTINUE 

5u3 CONTINUE 
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S I B F T C  SEARCH M 9 4 r X R 7 r L I S T  

C 
C hEARCHE5 TAPE ON 87 FOR APPROPRIATE YEARrMONTH. 
C 

5UBROUTINE SEAKCH(MYEARrM0NTH) 

C O M M O N ~ A M P ~ ~ U O ~ 2 O ) r E O ~ 2 O ) r A U ~ 2 O ) r E R A M P ~ 2 O ~ t P H ~ 2 O ~ * E R P H ~ 2 0 ~ *  
lREbULT ( 1 2  1 

l u U  R E A D ( 1 7 ) R E h U L T r K H T r N H T  
I F  (KHT 1 1  * 1 9 2  

1 REWIND 47 
G O T 0 1  U o  

2 H E A 0 ~ 1 7 ~ 1 0 E N T r M Y ~ M O r P E R I O ~ ~ K r L r ~ U O ~ I H ) t I R ~ l * N H T ~ *  
l ( E U ( I H ) t I H = l r N t i T ) r ( A U ~ I R ) r l R = 1 , N H T ~ r ~ E R A M P ~ l R ~ t l R ~ l r ~ H T ~ *  
~ ~ P H ~ l H ~ t I H = l ~ N H T ~ r ~ E K ~ H ~ l ~ ~ ~ l R = l r " T I  

I F  I M O )  l O U t  1UU t 3  
3 I F  ( M Y  -PLY FAH ) 2 t 4  r 2  
4 IFlMO-MONTH)2*5r2 
5 BACKbPACE 4 7  

BACK5PACE 4 7  
RtTURN 
E tub 
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% I B F T C  S I X  M94sXR7,LIST 

C 
C REDUCED SCALE GRAPHS (REPORT S I Z E v  PAGE 8 X 1 1 )  
C S I X  PER PLOTTER TABLE SHEET. 
C 

SUBROUTINE S I X ( K P U T )  

C O M M O N ~ X Y / N J ~ N X 1 2 0 0 0 ) v N Y ~ 2 0 0 0 )  
A X  1=128O.O 
A X 2 = 2 5 6 0 . 0  
A Y  = 1720.0 
XMULT=0,24 
YMULTz0.32 
G O T O ( l v Z v 3 r 4 r 5 v 6 ) r K P U I  

1 ADDx='J.O 
AODY=O. 0 
GOT07 

ADDY=AY 
GO 107  

3 AODX=AXl 

GOT07 
4 AODX=AXl 

ADDY = A Y  
GOT07 

5 ADDX=AX2 

GOT07 
6 ADUX=AXZ 

ADDY=AY 
7 U O B I = l * N J  

R = N X (  I )  
N X I  I )=R+XMULT+ADDX 
H=NY I I 1 
NY ( I )=R*YMULT+ADDY 

8 CONTINUE 
RETURN 
F: ND 

2 ADI>X=U.U 

ADDY =cI U 

ADDY =U 0 

. .  
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